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Abstract 
The home health care problem is a growing sector in the French medical service industry. In this paper, we 
propose a new mathematical model for this problem. This model integrates two original concepts: the degree of 
competence of the personal and the level of dependence of the patient. The model is validated on a small-size 
and a medium-size instance. 
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1. Introduction 
Care home and nursing home are growing sectors in the French medical service industry. The high costs of 
hospital and an ageing population who prefers to stay at home as long as possible can explain this phenomena. 
In France, two organizations provide home services: HAD (“Hospitalisation A Domicile”) and SSIAD 
(“Services de Soins Infirmiers A Domicile”). The former replaces a classical hospitalization and nurses realize 
health care at home. The latter is a service that helps older people to live in their own homes for longer. Each 
city has its own organization of home care services. To illustrate our purpose, we have visited a structure for 
which the HAD and the SSIAD are managed by the same entity belonging to the hospital. The HAD and the 
SSIAD have a capacity of thirty patients and one hundred and fifty respectively. The nursing staff is composed 
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of one doctor, eight nurses and fifteen nursing auxiliaries. The overall problem is to define the planning of each 
resource (a member of nursing staff) in order to realise the nursing care plan while minimizing the transport 
costs and maximizing the satisfaction of resources and patients.  
In this paper, we propose an integer linear programming formulation of the problem. For a first look of the 
model, we make the following assumptions: the home care plan is composed of a set of care activities. Each 
activity is characterized by a patient (or a geographical address), a set of resources who can achieve it and a 
duration. A patient has a given level of dependence. An activity can require one or several resources. We define 
a matrix of degree of competence between the activities and the resources. The activity duration belongs to an 
interval and it depends on the degree of competence of the selected resource and on the level of dependence. 
Each activity must be achieved within a given time window that represents the availability of the patient. 
Our goal is to find a route for each resource that satisfies several criteria: 
- minimization of the sum of the transport times, 
- maximization of the balancing of the route dependence costs. For each route, we compute the sum 
of the level of dependence of all the visited patients. The idea is to divide up high dependent 
patients among the resources. 
- maximization of the degree of competence, each resource is more efficient when he realises an 
activity for which he has a great level of competence. 
The paper is organized as follows: we present in section 2 a literature review on care planning problems. In 
section 3, we propose an integer linear formulation.  In section 4, we give some computational results before 
concluding and giving some further work. 
2. Literature review 
Several papers concern the home health care problem. Ben Bachouch et al. [2] propose a classification of 
this problem according to some characteristics and some optimization criteria taken into account in the 
literature. We present our classification widely inspired by this work. Table 1 shows the characteristics 
considered for the nursing staff and the patients. These characteristics are: 
- for the resources: 
- resources qualifications: indicates whether a resource has the required qualification to perform 
an activity. 0 or 1 means a binary definition of the competence (1 if the resource is competent, 
0 otherwise). [0,1] indicates a continuous definition of the competence (the resource is more or 
less competent). 
- resources availability: resources can visit patients only within a time window, 
- lunch break for the resources: takes into account the midday break. In general, this constraint is 
modeled by a fictitious activity, 
- regular resource: a patient must be always visited by the same resource, 
- variable duration for activity: the duration of each activity is resource and/or patient dependent. 
For instance, it can depend on the degree of competence of the assigned resource. 
- for the patients: 
- patients availability: the activity can be performed only within the time window, 
- one or more visits per patients and per day, 
- level of dependence 
- shared visit: an activity may require more than one resource. 
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Table 1 Hypothesis for resources and patients 
 Resources Patients 
 Degree of 
competence 
Resources’ 
availability 
Lunch 
break for 
the 
resources 
Regular 
resource 
Variable 
duration 
for 
activity 
Patients’ 
availability 
One or 
more visits 
/patient 
and /day 
Level of 
dependence 
Shared 
visits 
[3] 0 or 1      X   
[7] 0 or 1  X   X    
[8]          
[5]  X  X  X    
[6] 0 or 1   X  X X   
[11]    X   X  X 
[9] 0 or 1  X X  X   X 
[1]  X    X    
[2] 0 or 1 X X X  X X  X 
[10] 0 or 1 X    X   X 
our 
problem 
[0,1]    X X X X X 
 
We summarize in Table 2 the different optimization criteria that are considered: 
- transport time or cost: the sum of transport times or costs between activities 
- working hour cost: sum of cost overtime for full-time resources and cost for part-time resources. 
- number of visits 
- workload balancing: each resource should have a similar workload. In [6], the authors take into account 
the travel times. In this paper, we take into account the levels of dependence as it is described below. 
- waiting time for patient 
- degree of competence: affect the activities to the most competent resource. 
These tables show the originality of the model proposed in this paper. We can notice the three following 
remarks:  
The first one is about the definition of the degree of competence of the resource. We propose to model it by 
a continuous matrix rather than a binary matrix. This allows us to take into account the experience of the 
personal (this can affect the duration of an activity) or the possibility to realize some activities for which a 
resource is less competent (this can be penalized in the cost function). 
The second remark concerns the definition of the durations of an activity. As mentioned just above, the 
duration is function of the degree of competence and of the level of dependence (a care activity at a highly 
dependent patient needs more time: a “technical” time plus a “social” time). 
Finally, we consider a multi-objective optimization with three criteria: transport time, workload balancing (sum 
of the level of dependence of all the patients visited by the resource) and degree of competence (we try to 
assign each activity to the most competent personal). Only two references consider a bi-objective function [9, 
11]. The other ones work with a single objective. 
 
 
Table 2 Optimized criterion 
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 Optimized criterion 
 Transport 
time/cost 
Working 
hour costs 
Number 
of visits 
Workload 
balancing 
Waiting time 
for patient 
Degree of 
competence 
[3] X      
[7]  X     
[8]   X    
[5] X      
[6]    X   
[11] X  X    
[9] X    X  
[1] X      
[2] X      
[10] X      
our problem X   X  X 
 
The level of dependence can be determined in France with a grid called “AGGIR”. This grid can evaluate 
the loss of independence for elderly people considering some criterions like coherence (converse and behave in 
a responsible manner), to wear autonomously or to use means of communication. Concerning the degree of 
competence, we may consider two cases. In fact, we can consider that each resource has a type like a nurse, a 
doctor or physiotherapist and an activity can be carried out by a type of resource. Then the value of the degree 
is zero (the resource cannot carry the activity out) or one (the resource can carry the activity out). In the second 
case, the degree is between zero and one. We consider that a resource has an experience to carry out an activity. 
The closer to one the degree is the more experience the resource has for an activity. The level of dependence 
and the degree of competence have an impact on the duration of the activity. We will explain that in the next 
section. 
3. Problem description and integer programming formulation 
The model proposed is an extension of the model of the multiple traveling salesman problem with time 
windows (m-TSPTW). A care activity    is carried out at a patient’s home by a resource    in a given 
time window    . Each patient is characterized by a dependency level . A degree of competence is 
defined between activities and resources. The degree of competence is a real number between zero and one. A 
value close to zero means a low compatibility between the resource and the activity and a value close to one 
means a high compatibility. The duration of an activity depends on the degree of competence of the resource 
which realizes the activity and on the level dependence of the patient. The duration is between two values  
and . To do an activity, one or more resources may be required. In the current model, we introduce two 
fictive activities. The first one, represented by the 0 value, is the beginning activity and precedes all over ones. 
The second one, represented by , is the final activity and succeed all over activities. No degree of 
competence and no resource are needed for these fictive activities. The time window of the fictive activities is 
the planning horizon. The following notations are used: 
      Set of resources 
            Set of activities. The activities    are the fictitious activities. 
 Number of resources required to realize the activity    
   Time window of the duration of the activity    
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    Time window to realize activity    
    Level of dependence for a person receiving activity    
 Travelling time between activity       and activity         
 Degree of competence between activity       and resource 
   .     
 High value 
The variables of the model are:  
    if the resource     realize the activity        before the activity    
     
   otherwise 
 Starting date for activity     
The objective function of the ILP is a linear combination of three terms: 
- To minimize the total traveling times: 
    






 (1) 
- To minimize the level of dependence of each route ( is defined by constraints (4)) 
 (2) 
- To minimize the gap between the best resource for an activity and the resource that achieves the activity 
     






 (3) 
subject to 
  




        (4) 





         (5) 





         (6) 



        (7) 
  


        (8) 
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


 


            (9) 
                         (10) 
where                     
          (11) 
                           (12) 



              (13) 
Constraints (4) calculate  for the objective function as described in (2). Constraints (5) make sure that the 
number of resources coming to perform an activity is correct. Constraints (6) assure that all resources will exit 
from patient’s home. Constraints (7) force that the route begin by fictive activity 0 and constraints (8) force that 
the route finish by fictive activity   . Constraints (9) ensure the conservation of the flow.  Constraints (10) 
formulate the travel time between two activities. Constraint (11) and (12) assure that all activities are 
completed during the time window. The resources which carry out each activity are not incompatible according 
to the constraints (13). 
4. Computational results 
The proposed model has been solved with CPLEX solver on two random generated instances. The 
experiments have been conducted on a Xeon at 3.2GHz with 4Go of RAM. The objective function is 
     with       the weight of each criterion. We consider two instances 
and three values for coefficient  . The first instance has 15 activities, 3 resources. 4 activities need 2 
resources. The second one has 30 activities, 4 resources. 7 activities need 2 resources. For each instance, we 
test with six 3-tuple of      : (100,10,1), (100,1,10), (10,1,100), (10,100,1), (1,100,1) and (1,10,100). 
The time limit is fixed at 60 minutes. The Table 3 summarizes the obtained results with resolution time and 
GAP when optimal solution is not found. The GAP is calculated between the best found solution and the best 
lower bound.  
When a high weight is given for the minimization of the transport time, we find an optimal solution in less 
than 3 minutes. For the other criteria, we do not necessarily find the optimal solution in the defined time limit.  
 
 
 
 
 
 
 
Table 3 Computional results 
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    Number of activities needing 2 resources   Resolution time (s.) GAP (%) 
15 3 4   184 - 
15 3 4   58 - 
15 3 4   3600 4% 
15 3 4   131 - 
15 3 4   252 - 
15 3 4   3600 1.89% 
30 4 7   106 - 
30 4 7   49 - 
30 4 7   3600 1.74% 
30 4 7   3600 3.05% 
30 4 7   3600 5.71% 
30 4 7   3600 1.52% 
5. Conclusion  
Our goal is to suggest a decision-making tool in order to define the planning of each resource. We start by 
an integer programming formulation. We introduce in our hypothesis a degree of competence and a level of 
dependence for each patient. The duration of activities depends on those two criteria. We also consider three 
criteria in the objective function. We tested the formulation in two instances (small and medium). To improve 
the model, we will include resources’ availability. We are not satisfied with the model of variable duration. The 
model would be nonlinear with a better model. For that reason and to reduce computational time we think a 
metaheuristics method could be a better approach. 
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